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57 Abgtract

A system (10) and method for
treating a fluid carrying a contaminant to
which a photoactivé material has been
bound include a treatment device (12)
that defines a flow passage (36) with a
gap (28). The system and method operate
to establish a flow of fluid from the inlet
(38) end of the gap (28) to the outlet end
(40) of the gap (28). The system and
method also channel the flow of fluid in
the gap (28) in succession through one or
more paths. The system and method esta-
blished at least two discrete sources of ra-
diation (30) in .the flow path (36) at
spaced apart locations along the direc-
tion of fluid flow. At least one of the ra-
diation sources (30) comprises a photodi-
ode. The system and method further in-
clude a control for operating each dis-
crete source of radiation at a selected

to activate the photoactive material
bound 10 the contaminant. Upon activa-
tion, the material eradicates the contami-
nant. The system and method provide ex-
tracorporeal treatment of fluids like
blood to quickly and effectively eradicate
infection agents at relatively high flow rates.
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- SYSTEMS AND METHODS ERADICATING CONTAMINANTS IN FLUIDS

Field of the Invention

The invention generally reiates to the erad-
ication of contaminants using photodynamic therapy
The invention also generally relates to the processing’
of,whole blood and its components for storage and

-transfusion. . In a more specific sense, the invention

relates to the extracorporeal treatment of collected |

whole blood and its components with photoactive mate-
rials to eradicate viruses and other pathogenic con-

taminants.

Background of the invention _
:With the coming of blood component therapy,

most whole blood collected today is separated into its

clinically . proven components for storage and
administration. The clinically proven components of
whole blood include red blood cells, used to treat

. chronic anemia; platelet-poor plasma, from which Clot-

PCT/US91/09708
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'v,tlng Factor VIII-rlch cryopreclpltate can be obtalned 4
'Vfor the treatment of hemophilia; and concentratlons of .
platelets, used to control thrombocytopenlc bleedlng ,
, It 1s well known that blood can carry infec~-
5 ':ﬂ,tlous agents like hepatitls-B v1rus, the human 1mmunoﬂwl"

'~=%5a-«‘:<»roef1c1ency (AIDS) v1rus,‘the ‘Herpes v1rus, “and the i

. influenza v1rus.‘ To av01d the transmlss1on of these

-“jwﬁwaffwww¥~w“%1nfectlous agents dur;ng—blood transfu51ons ,“donors of” AT

" blood are routlnely screened and also undergo serolog-
dfi*lU”T%ﬂ,fwlc ‘testing to detect the presence of these agents.
. ""Stlll, it is difficult to always. assure that these
‘ 1nfectlous agents are detected. ' "--.* ' : »

) The use of photodynamlc therapy has. been
suggested as a way to eradicate. 1nfectlous agents from -
P f. collected blood and its components prior to storage'
' ’ and transfu51on. See Matthews et al, "Photodynamlc
‘Therapy of Viral Contamlnants W1th Potential for Blood'
Bank Appllcatlons," Transfus1on, 28(1), 81 83
j‘(1988) - Various extracorporeal systems have been pro-
A20;~f‘ v‘posed that use photodynamlc therapy to treat blood

- »#prlor to~storage*and~transfusionr"“See”*for Texample,’
~ Edelson U.S. Patents 4,613,322 and 4,684,521; Troutner
et al.vu. s Patent 4, 708 715 Wiesehahn et al U.s. Pat?

. ent 4,727, 027, Sieber.’ u.s. patents 4,775,625 and‘ '

25~ . 4, 915,683; and Judy et al U.S. Patent 4,878,891:

k ) _ To date, there has been a general lack of
'vsuccess 1n economlcally adaptlng the beneflts of pho-
'todynamlc therapy to the demands of the blood banking

, : : industry -The extracorporeal systems proposed to date

30 ;‘ - ‘have not been able to prov1de acceptable levels of

' - 'eradlcatlon at the relatlvely high flow rates requ1red
“to economlcally process therapeutlc un1ts of blood
»mcomponents._ ' .

t . For thls and other reasons, the promlse of

35 photodynamlc therapy 1n treatlng the natlonrs_banked
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blood supply--has gone largely unfulfilled.

Summary of the Invention o S

: The'inventors have'discovered that systems
and methods can be prov1ded that accommodate relatlve-
ly high processing flow rates and yet achleve an ac-
ceptably high rate of.contamlnant,eradlcatlon through
photodynamic ttherapy.. The invention provides

.extracorporeal systems and methods that quickly and

effectlvely eradicate infectious agents from fluids

" like blood by flowing the. flulds with photoactive ma-"
terial added rapldly past a sequence of dlscrete radis=

atlon sources. . .
Qne:aspect‘éf the invention provides a sys-

tem for treating a fluid carryihg a contaminant to
'.-which a photoactive material has been bound. The sys-
. tem directs fluid through a treatment chamber in a
~predetermined flow path. The ‘system establishes,at

least two discrete sources of radiation in the flow
path at spaced apart locations. ‘along the direction of
fluid flow. . Each discrete source is a self-contained
emitter of radiation that establishes 1ts own zone of
radiation. At 1east one of these dlscrete radlatlon
sources comprises a photodiode. The system operates

each discrete source of radiatlon_at a selected wave-

length within the prescribed range to activate the
photoactive material bound to the contaminant.
- According to another aspect of the inven-

‘ tlon, the system operates to establish a flow of fluid
'through the treatment chamber in whlch the fluid is
channelled in succession through at least two differ-

ent flow paths. , : : .
‘ According to this aspect of the invention,
the system stablishes discrete sources of radiation

. along both flow paths. The system places at least two

~ PCT/US91/09708
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path at spaced apart locations along ‘the direction of‘
.. fluid flow. The system also places at least two addi-
"tional: discrete sources of radiation in the second
path at” spaced apart locations along the direction of

e e T
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" The: system further includes a control ele- .

' . .
e ,_,, e et - P EEP—

at a selected wavelength within a range that activates

~s~the photoactive material bound to the~contaminant-~ﬁsénf*fﬁ

. Upon activation, the material eradicates the contami-"'
‘ nant..wyp . Sl T o o . S
. By channeling the fluid through several dis--f:
i~crete zones of radiation -at a relatively high flow:
rate, the invention provides a surprisingly effective
cumulative effect in- terms of ‘overall" degree of - con-'
’ taminant eradication over a relatively short period of
time. T .:'a,'V:&"j SRR R '
’ By uSing discrete sources of radiation, the
system also offers the flexibility ‘to meet the needs

of differing processing technigues.

For_ example,iin ,;wii_iii R

30

_one arrangement the control element operates the dis-"
crete sources of radiation at: substantially the same ‘

“ wavelength.' In another arrangement, the control ele-

a ment operates at least two of the" discrete sources of
radiation at different wavelengths. ) ’

In a preferred embodiment, at least two dis-“

crete .sources of. radiation are positioned along oppo- D
‘site sides of -both the first and second flow paths._
In this preferred arrangement, ‘there are at least A
three discrete sources of light pOSitioned along each |
- flow path. Two of the discrete sources are pOSitioned

Cat spaced apart locations along one side of the flow
path in the- direction of fluid flow,,while the other
discrete source is poSitioned on an oppoSite Side of

. ey b e st e s s g e e 2o S s e 2 s e e e
B R R e e - =
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" the flow path. ‘ - o
~In a. preferred embodlment each discrete

source of radlatlon comprlses a photodiode. Each dis-
crete source can thereby be controlled to emit a rela-
tively narrow ‘band of radiation having a relatlvely
precise wavelength. The fluld passes rapldly through
these well defined bands of radiation whlle being
treated. ’

By using photodlodes as sources of radia-
tion, relatively low voltages can be used. The low
voltages ‘reduce the amount of heat generated by the
system, thereby preserv1ng the viability of the fluid
during treatment. _ v

Another aspect of the invention provides a

method for treating a fluid carrying a contaminant to

which a photoactive material has been bound. Accord-
ing to this aspect of the invention, fluid is conveyed
through a gap while being channelled through a prede-
termined flow path. As it tran51ts the flow path, the
fluid is exposed to at least two discrete sources of

' _radlatlon that -are at spaced apart locatlons along the

direction of fluid flow. At least one, and preferably
all, of the discrete sources comprises a photodiode.

- In another arrangement, fluid is conveyed
through a gap while being channelled within the gap in
succession through two different flow paths. As it
transits the first flow path, the fluid is exposed to
at least two discrete sources of radiation that are at
spaced apart locations along the direction of fluid
flow. As it next transits the second flow peth, the
fluid is further exposed to at least two additional
discrete sources of radiation that are also at spaced
apart locations along the direction of fluid flow.
Each discrete source of radiation is operated at a
selected wavelength within the prescrib d range to

PCT/US91/09708

.



T o syesT 3 . . pCT/US91/09708
o : ' . S =6 =

activate‘the‘phothctive material bound to the contam-
_b'glnant as the fluid flows 1n succession through the two
'.._paths. : . : . .
| ”H _The systems and methods that embody the fea-.;
5 :\ ;tures of the 1nventlon are’ appllcable for use 1n env1-

u@ronments where sterlllty and blologlcally closed sys-'

'l'tem 1ntegr1ty must be malntalned durlng proce551ng
:,The systems and_methods . therefore readily-lend them-'
- selves to blood process1ng applications.< ‘ o
'1¥s;¥fl0~ s ~'ﬂw»;c~ww«wotherwfeaturesmandwadvantages -of - the 1nven—.
o A tion will be p01nted out in, or will be. apparent from,'ﬁ
”the drawlngs, spe01ficatlon and clalms that follow.

_ ’Descrlptlon of the Draw:ngs
'uls'f 7'_»33,‘ Flg. 1 is a perspective v1ew, w1th portlons i;
L ”"broken avay, of a system for treatlng a fluld carrylng
‘ ) :a contamlnant with the treatment chamber closed as it |
P L s, in use, A T o ‘ ‘ )
", *f, _ _q Flg. 2 is a perspectlve v1ew of the system
.20 SR shown in. Flg. 1, w1th the treatment chamber opened to .
M,f ) : ':kmﬁ recelve the irradlatlon -section. of thelassoclated flu:l;l;l,;;__l,l,-
RN T i flow path prlor to use; ' L

™ Flg. 3, is a sectlon view of the closed

® __:'_treatment chamber taken generally along l1ne 3 3 in
25 ’l;j.rlg. 1;

'Fig 4 is a. view of the irradiation'section
of the fluid path in place within' the treatment cham-'

ber, taken generally along line 4-4 in Fig. 3,
o Flg. 5 1is a schematlc view of the control .
h50";i ”Kelement that operates the dlscrete sources of radia-

- .',tlon located within- the treatment chamber,v;
Flg. 6 is a perspectlve view of the compo-’
nent parts of the flu1d flow path assoc1ated with the
_ _ system shown in Flg. l, with the component parts dls—
L 35. . . assembled prlor to use;,
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Fig 7 is an enlarged v1ew of a’ portlon of

the’ treatment chamber showing one arrangement of the

discrete radiation sources along the irradiation sec-

'tlon of the flow path; and

Fig. 8 is an enlarged view of a portlon of
the treatment chamber show1ng another arrangement of
the discrete radiation sources along the irradlatlon-

"section of the flow path. ,

The invention is not limited to the details
of the constructionAand the arrangements of parts set
forth in the following descrlptlon or shown in the
drawings. The invention can be practlced in other em-
bodiments and in various‘other -ways. The terminology
and phrases are used for descrlption and should not be
regarded as 11m1ting.

Description_of the Preferred Embodiments

' Fig. 1 shows a system 10 forbtreating-a flu-
id carrying a contaminant that embodies the features
of the invention. The sYsten 10 includes a treatment

'-device 12 that receiVes the fluid from a source con-

tainer 14 and conveys the fluid after treatment to a
collectlon container 16. ff
The fluid to be treated can- vary. In the
1llustrated embodiment the fluid comprlses a compo-
nent of whole ‘human  blood that 'is intended to be
stored for transfusion. More specifically, the fluid
consists of red blood cells suspended in plasma. Typ-
ically, a quantity of white blood cells is also pres-
ent with the red blood cells. The fluid can also in-
clude an anticoagulant and, optionally, a storage me-
dium for the blood component. Alternatively, the flu-
id can consist of platelets suspended in plasma.
‘ In the illustrated embodiment, the contami-

nant comprises a pathogenic virus typically carried in

PCT/US91/09708
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. th’ blood For example, the contaminant can’ conSist

- of the hepatitis-B virus. the human immunodeficiency

‘1Virus, the Herpes virus, or the influenza virus.
The fluid- in the source container 14 in-

cludes a: photoactive material that has an affinity for-.V?"‘“"J

the contaminant carried by the fluid. The photoactive

material is ‘added to ‘the blood contained in the source

ﬂmvcontainer 14 after the blood As collected from a do-‘,'1

nor., The step of adding the photoactive material w111
be described An. greaterzdetail laterwe~nemrqexhe~—

Due to its affinity for the contaminant .the .

;.'photoactive material becomes bound .to the contaminant

~W1thln the source container 14. The photoactive mate-~

rial is of a type that becomes active by exposure ‘to -
: radiation within a prescribed wavelength range.. When

P

's,activated by - radiation, the‘material eradicates theff: |

contaminant.,.

AT Various types of photoactive materials can
o »iﬁ?nb used. . In ‘the illustrated ‘embodiment, the
200

photoactive compound comprises a family of light-acti-

25

30

et e ¢ o i

-atives are commonly referred as BPD's.. BPD's are com-‘

"r.merCially available from Quadra Logic Technologies,
Inc., Vancouver B.C., Canada.;vf

materials, have an affinity for the cell walls of many
Viral organisms that are carried in blood. - They"
therefore bind or attach themselves to the biological
cell wall of these organisms.‘ When exposed to radia-
tion, BPD's undergo an energy transfer process with

' vated drugs derived from benzoporphyrin. These deriv- .

BPD's, like other types of hematoporphyrin

g oxygen, forming a Singlet oxygen. . When the singlet t
. oxygen oxidizes, it kills the biological cells to‘h’

"which it has attached. *BPD's are described in greater
' detail in Judy et al U.S. Patent 4,878, 891.
‘ According to the invention, the contaminant
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- to which. the BPD's. is attachedris,exposed.to the radi-
- ation in-a predetermined manner -as th -fluid passes

through the treatment device. - ,

' As Figs. 2 and.3 best show, the treatment
deVice 12 includes body 18 that defines a treatment
chamber 20.. Two platens 22 and 24 on the. body i8 form
the treatment chamber 20. The first‘platen 22 is at-

' tached on the mid-portion. of the body 18. The second

platen 24 is carried on a door 26 that moves on the
body 18 between an opened position (as Fig. 2 shows)

‘and a closed position (as Figs. 1 and 3 show).

As best shown in Fig. 3, when the door 26 is
in its closed position, the first and second platens

\22 and 24 face each other in a spaced apart relation-
ship, thereby forming the confines ,0f the treatment -
Chamber 20. The space ‘between the two platens 22 and

24 forms a gap 28 of a predetermined’ size through

. which fluid traverses. the chamber 20. In the illus-
-trated embodiment, the gap 28 is about 0.125 inch in

The treatment device 12 further: includes a

plurality of radiation sources (generally designated
by the numeral 30) positioned along the gap.28. Fluid
‘traversing the chamber 20 is thereby exposed to the

radiation ‘sources 30. In the illustrated embodiment,
each platen 22 and 24 carries a number of radiation
sources 30. _ o 3 ' '
. According to the invention, each radiation
source 30 is "discrete," meaning that each source 30
is.a self-contained emitter of radiation that.estab-
lishes its'own zone ‘of radiation.~ Being discrete,
each source 30 also is capable of operation to emit a
radiation independent of the emission. of radiation by
the other sources 30. S
In the illustrated and preferred embodiment,

© ' WO'92/11057 | | . .. . PCT/US91/09708

o et
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each’ radlatlon' source 30 _takes ‘the form ‘of a
photodlode. Varlous types of photodlodes can be se-‘
ljlected dependlng upon- the fluid to be treated ‘and ‘the
,'characterlstlcs of the photoactlve materlal used. In
: ‘the . 1llustrated embodlment where the treated flu1d

10

o ls ﬂ...'

i g e [ it [ [

rigaﬁt”contalns .red blood. cells, -all:.the photodlodes userrr.;af"

'transparent substrate alumlnum galllum arsenlde mate-

. -rial- (TS AlGaAs) hotodlodes -of- thls type: are- com-fﬂ (7i:r5ﬂ‘iﬂw

2‘10'

';merc1ally avallable from Hewlett-Packard .Co. (Product

:f*f;fDesignatlon”"HLMP-a150 lS"Candella"Y“'“'vﬁfm”“ﬁ”"f”*$ﬁf;7'f;‘

- These photodlodes emlt a band of radiatlon ‘

_ at' a relatlvely narrow v1ew1ng angle of about 4 de-"“‘
“x~grees.' The prescribed band of radiatlon has a rela-"
'1t1ve1y prec1se wavelength dlsplaylng a red color hav-

"ing a peak wavelength of about 690 nm. ‘Red blood.
7,cells are essentlally transparent to radiat;on at this .

‘ hwavelength., ‘The BPD 5; ‘however, are not. The BPD'

:'ffabsorb radlatlon 1n thzs wavelength to become actlvat--
(ﬂued. ’ B ' - ‘ ‘

If the fluld to be . treated contalns'a

30

: w_platelets,«.‘t:he photodlodeswould _be. selected to- have a*4-w*“~*¥~*~«
A ‘wavelength dlsplaylng a: blue color. havzng peak wave-@ . ' '
‘length of. about 425 nm. Platelets are essentlally'
1itransparent to radiatlon at this wavelength.< . (. ,
“Inthe illustrated ‘embodiment, each’ discrete'?{"V?:Vf'”
'photodlode radlatlon source has a.minimum inténsity of -
_about 8. 0. cd (at 20 mA), a max1mum ‘intensity of about -
.36.0 ¢cd’ (at 20 mA), and a typlcal intensity of "about. . (Fif
. 15.0 cd (at 20 mA). Each photodlode operates at a low SRR ‘
f'max1mum forward voltage of about 2.4 V. oo ‘ -
. .- In the’ 111ustrated embodlment (as F1g 4
';best shows), the discrete radlatlon sources 30 are
arranged 1n banks or arrays 32 on each platen 22 and.
24. As Flg 4 shows, each bank or array 32 1ncludes
Va plurallty of dlscrete sources 30 arranged in alter-

S L AT AT © S S TN B S R e A S S SR R T 2y R & R R S AT S i T ey S A AT S o R Gy S 2 T TS
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- nating rows of-four and.five each.(shown horizontally
‘in Fig:“4)." ‘The alternating number in each row stag-

gers the spacing of the sources 30 between adjacent
rows. In. the illustrated embodiment, each array 32

vlncludes about 90 discrete radiatlon sources 30.

In the illustrated arrangement (as F1g 2
shows),. four arrays 32 are‘carrled on the,body 18 be-
hind the first platen 22 (comprising about 360 dis-
crete sources of radiation). Four additional arrays

32 are carried on the door 26 behind the second platen

24. Each platen 22 and 24 is made of a clear glass or

plastic material that 1s transparent to the radiation

emitted by the sources. )
In an alternative arrangement (not. shown),

only one platen 22 or 24 would carry the radiation .

sources 30. In this arrangement, the .other platen
would preferably carry a surface that reflectslthe
radiation emitted by the sources. 30 back into the gap

28. For example, the surface of the other platen

could be plated with gold or like highly reflective
material to reflect the wavelengths of radiation de-
scribed above. ,
4 The treatment device lncludes a control ele-
ment 34 for operatlng each discrete radiation source
30 (see Fig. 5). As Fig. 5 shcws, the radiation
sources 30 are electrically interconnected in parallel
banks 3l,lwith each bank 31 containing five sources 30

in series connection. :
As Fig. 1 shows, the fluid passes through

~ the treatment chamber 20 from the source container 14

to the collection container 16 following a .
predetermined flow path 36 that embodies the features
of. the invention. The flow path 36 includes an inlet
section 38 that conveys fluid from the source contain-
er 14 into the treatment chamber 20. The flow path 36

. PCT/ US91/09708
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,.also includes an’ outlet section 40 that conv ys fluid
from the treatment chamber 20 to- the collection con- -
) tainer 16._: : - ’ : e -
: : The flow path 36 further includes an inter- )
5 f' mediate irradiation section 42 . One. end of the irra-

VﬂMuﬁgAdiation section 42 communicates with the.inlet. -sec-. "
tion: 38. - Another end of the ‘irradiation section 42";. , ,
communicates with:the. -outlet: section-40.- vrf~ﬁﬁﬂmc“*“*”~f”;f”fﬁ s

‘ oo In use (as Fig.vl shows), the inlet and out- _
riiwe}a;f_:lo»?vsiv~let sections -38- and“40*are located“outside the”treatJf‘l
T ' ment chamber 20, while the irradiation section 42 is -

located within the treatment chamber 20, sandwiched B

between the two platens. The maximum size of the flow

e path 36 through the. irradiation section 42 is defined

>~,15 ;-l: by the gap 28 formed between the two platens 22 and

24.' LT

The irradiation section 42 is made of a ma-
terial that is transparent to the radiation emitted by

‘ - - ~.the sources. Fluid passing through the irradiation

20 ~¥f_x section 42 is thereby exposed to radiation. '

L “;; 'M‘m_ ‘MM R r,According to-the -invention,-the- irradiation B
section 42 defines at. least two. channels (generally.'_
_designated by the letter C in Fig. 4. ‘The channels

o direct fluid 4n different successive paths past the
C .28 radiation -sources.- In the illustrated embodiment _the =
‘ - irradiation section 42 includes eighteen (18) succes-
sxve channels, which are numbered Cl to C18 according-
ly. As Fig._4 shows, the channels Cl to C18 are
4 aligned in a prescribed fashion relative to the radia-
T30 - . . tion sources 30 to achieve the benefits of the inven-
- | tion.' o
. More particularly, the channels Cl to ci18 '
‘are aligned with respect to the radiation sources 30
_ so that, as th fluid passes through each channel, it
35 . is exposed to at least two discr te radiation sources

— g g saem s dortmaseam moimtn msseestt m mae e e, marme s ms
e T L i ST AR R TR R A S S BT T T SRR he s T s £ T SR TR R EE e =
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.. 30....In-the illustrated -
“posed“to‘at’least*eighteen*discretefsources‘of”radiaS”“

embodimentyqtheefiuidaisvek--

tion as it traverses each channel. For illustration

. purposes, the.sources 30 associated with the first
. channel Cl are numbered S1 to.S18 in Fig. 4.

The channels Cl. to Cl8 are further aligned

so that, as the fluid passessthrough the next succes-

| sive | channel,. it is exposed to different discrete

sources of radiation. - For example, the eighteen radi-

ation,sources S1 to S1is

'in the first channel Cl1 are

different than the radiation sources 30 associated -
- with the next successive channel C2. In addition,

there may be ‘some overlap between sources. 30. between i

adjacent channels.

s

e

Therefore, according to the invention, as
’_the '£fluid passes through the irradiation section 42,
it is not repeatedly exposed to the same source of
radiation. Instead, it is- exposed to numerous differ-,
ent sources of radiation, each one. discrete unto it- -
- self. In the illustrated embodiment, the fluid is ul-rw-
ftimately exposed at 'least.once to about 360 discrete

sources of radiation as
section 42.

it traverses the 1rradiatione.

'In the illustrated embodiment, the source

container 14, the collection container 16, and the

" irradiation section 42

each takes the form of a bag

(respectively 44, 46, -and 48) made of a flexible inert
plastic material, like plasticized medical grade poly-
vinyl chloride. Each bag 44, 46, and 48 has heat

sealed peripheral edges
area.

50 to form a sealed interior

-The. irradiation section.bag 48 further in-

‘cludes a series of interior heat sealed regions 52

that divide the interior
.connected flow passages.

area into the eighteen inter-
The flow passage comprise

S
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',_the channels Cl to c18, as just described.-

The irradiation. section bag 48 is attached

by pins 54 (see Figs. 2 and 4) to the first platen 22.

With the door 26 closed the channels Cl to C18 formed

. in the bag 48 direct fluid back and. forth in-a serpen-

15

ftine path past the radiation sources 3o.l As before

described .. the fluid is exposed to several discrete

r;radiation sources 30 in each channel of this serpen-i;f,u’
‘tine path.: And, as also before described .-in’ each . ,
'fgsucce551ve channelpcthe fluid“is ,,,,, further exposed O

T PCT/US91/09708

several more discrete radiation sources different than -

- those’ encountered in the previous channel.<

In the illustrated embodiment (see Fig. 6),

: the inlet section 38 of the flow path 36 includes a
._length of. flexible inert plastic tubing 56 that joinsf _
-‘the inlet end of the irradiation section bag 48. The
htubing .56 includes a. conventional inline filter 58 for

';remov1ng the white blood cells from the fluid prior to

20

0 VUV U SO SO, I . AP

25

entering the treatment ‘chamber- 20., The filtration me-

1dium used (not shown) can include- cotton wool, cellu-
- lose: acetate, or another synthetic fiber like polyes-

o The tubing 58 terminates in a first connec-d

'”tion device 60.

et sty ottt s e et Lt

. The inlet section - 38 further includes ‘a

" “the source container 14. This tubing 62 includes a
~-second connection device 64 that mates with the first u"_7

30

connection device 60 to join the source container 14

: _;to the inlet end. of the irradiation-section bag" 48.

While various known connection. devices may

- be used, in ‘the illustrated embodiment,,the devices 60

and 64 are preféerable sterile connection devices like
those shown ‘in Granzow et al U.S. Patents 4,157,723,

- length -of flexible 1nert plastic tubing 62 that jOlnS _

'-;and,4,265,280,‘which are incorporated hereinuby‘refer-' '
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- In- use, a‘peristaltic ‘pump 66 ~ (see 'Fig. 1)

. conveys fluid - ‘through the fluid path 36 at a predeter~
mined flow rate. The flow rate of the pump 66 will of

course vary according to the volume of fluid that is
to be treated and the time limitations imposed. 1In
the context.of_illustrated’embodinent, it is desirable

to’ be able to treat 300 ml -of blood components in

about '30 minutes. 'Therefore,_a preferred flOW’rate is
about 10 ml/min. . .
The: outlet section 40 of the flow path 36

~ 1ncludes a. length of flexible inert plastic tubing 68
‘that joins the outlet end of the irradiation section
bag 48. The other end of the tubing 68 joins the col- .. .
lection container 16. 1In an alternative arrangementui.?x
(not shown), the tubing could . be normally separated ' .

into two lengths, like tubings 56 and 62, each having

a’ (preferably sterile) connection device to join the -
. collection container 16,to the outlet end of the irra-

diation section 42 prior to use.

In the illustrated embodiment (see Fig 6), -«

an auxiliary container 70 holds a solution containing

. .the photoactive material. The auxiliary container 70
. also includes a length of tubing 72 that carries with

... PCT/US91/09708

.t

a third (preferably sterile) connectibn device 74. In

this arrangement, the source container 14 also in-
cludes another length of tubing 76 that carries a
fourth (preferably sterile) connection device 7s. By
joining the third and fourth connection devices 74 and
78, the photoactive material can be conveyed from the

.auxiliary container 70 into the source container 14

for mixing with the fluid to be treated. The joined
tubings- 72 and 76 form.a closed,. internally sterile
path for introducing the. photoactive materially into
the source container.l4. .Once the photoactive materi-
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;:;al has' been transferred the tubing 76 can be heat

:xremoved.,

;5es 74 and 78 (as Fig. 1 shows), and the auxiliary con- ..
tainer 70 (with joined connection devices 74. and 78)3a;;g

. sealed closed upstream of the joined connection deVic-' E

i fecf/US91/09708

N

15

e R AT ST A
. N d

* from. the source container 14, through the treatment .
”ﬁchamberezo,eand into the.. collection containe<e16._~w;;,“,.,LJZ'

54, 74, and 78, the formed flow path 36 comprises a
Aclosed, internally sterile path for conveying fluidﬁ

In- the treatment chamber 20, the fluid is

By uSing the sterile connection devices 60,;;;4;¢J o

»jexposed to a plurality of discrete sources 30-of" radi--f?'v

b‘bound to the. contaminant as the fluid flows in succes-~ .

;ation in ‘the’ manner previously described.. Each dis-t
;:crete radiation ‘gource 30 is operated by the control’
Aelement 34 at: a selected wavelength within the pre-'gﬁﬂ'

scribed range to activate -the - photoactive material

ffg;sion through: the channels Cl to c18 in the irradiationy“"

20 o

"section 42. ‘The photoactive material is activated by
‘exposure 'to ‘the 'radiation to eradicate the contami-‘j
nant. - The fluid containing the eradicated contaminantJ;

,:1s collected in the- container 16 for storage and sub-f.

e E

;jsequent transquion.

-~.different'wavelength : Alternatively, the control’ele-

30

) _ The. system'lo provides great flexibility in'. 7
.,,treating the fluid. Because .each radiation source 30 ot
Jis discrete, ‘the control element 34 can be configured'

to. operate two or more of the radiation sources‘at,a'i"f

;ment 34 can be configured to operate two or more of

~“vthe same wavelength

.ﬁby each- discrete source 30 can be varied, as can the

Furthermore, the zone of radiation*emitted

'intensity of radiation of each source 30.

" In th illustrated embodiment, where each

- the discrete sources. .30 of radiation at substantially;'m

o gy i ARy e o e s G e e an s o P SR e e A, TS SR - S TmEmSumEmE AT TSR Smammammm o2 s i ke el
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~platen 22 and 24 carries a number. of radiation sourc- :
- es,” the dlscrete(sources 30 'of "radiation- “are: p051-”*~ -

tioned along opposite.sidesvof.the gap 28_through
which the fluid flows.
As Fig. 7 shows, the radlatlon sources - 30 on

the platens 22 and 24 can be arranged to be diametri-

cally opposxte to each other. Fig. 7 shows four pairs
of diametrically opposite sources, désignated S1 to.
S8. In this arrangement, the zones of radiation (des-
ignated 21 to 28, corresponding with their sources S1

‘to S8) emitted by the diametrically opposite sources

S1 to S8 directly overlap. The amount of radiation
present in the converged zone CZ between each source
is thereby intensified. V ' i

' Fig.AB shows an alterative arrangement. 1In
this arrangement, the radiation séurces S1 to S6 on

~the platens do not directly face one other. Instead,

the sdurces S1 to S6 are staggered. In this arrange- '
ment, the zones of radiation Z1 to Z6 emitted by the_:,

- staggered sources do not directly oVerlap, Instead,

they provide overlapping side regions ZS of intensi-
fied radiation between each discrete source S1 to S6.
The following example demonstrates the ef-
fectiveness of the system 10 that embodies the fea-
tures of the invention to process . fluid undergoing
photoactive thefépy at relatively high flow rates. -

Example:
Human red blood cell concentrates (at a he-

matocrit ' of about 55%) containing HSV-I virus were

treated in accordance with the invention. Before,

treatment, BPD was added -at: a concentration of 4
ug/ml. The red blood cell concentrate ,with the BPD
added was pumped through a multi-channel treatment
chamber at a flow rate of 5 ml/min. The treatment

PCT/US91/09708
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" chamber was radlated from each side by a bank of 360

'1LED's at a wavelength of about 690 nm The viral load

“was reduced durlng the treatment by two orders of magJ'

-1n1tude (99%) from 106 un1ts/m1 to” 10 units/ml. ,ﬂ'];.,
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) . The features and advantages of. the inventlon“;wm‘_ﬁ;r;[ﬁ;_
‘;fl,“are set forth 1n the following c1a1ms.;’w f;‘”““f;fﬁ”’
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We Claim: ol e e
R “1. ° A system for treating'a”flnid”carrying
a contaminant to which a‘photoactive material has been
bound, the material ‘' being activated by exposure to
',radiation within a prescribed wavelength range to .-
5 eradicate the contaminant, the system comprising '
means for establishing a flow gap having an
inlet end and an outlet end,
" means for establishing a flow of fluid from
' the inlet end of the gap to the outlet end of ‘the gap,
10 . means for channeling the fluid within the
i gap in a predetermined flow path, :
‘ ’ ' means for establishing at least two discrete '
sources of radiation in the flow path at spaced apart
locations along the direction of fluid flow, at least’
15 ~  one of the discrete sources of radiation comprising a
photodiode, and ‘ : 4
A ‘means for operating each discrete source of
radiation at a selected wavelength within the pre-
‘'scribed range to activate the photoactive material
20 - bound to the contaminant.
. 2. A system according to claim 1
wherein at least two of the discrete sources
of radiation are operated at a ‘different wavelength /
3. A system according to c¢laim 1-
wherein at least two of the discrete sources
of radiation are operated at substantially the same
wavelength.
4. A system according to claim 1
" wherein each discrete source of radiation
comprises a photodiode. ‘
5. A system according to claim 1
wherein the at least two discrete sources of
light are positioned along opposite sides of the first
flow path. -
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6. A system according to. claim 1
N wherein there are ‘at 1east three discrete
sources of light positioned along the flow path, two
: "of the discrete sources being positioned at spaced - - S
LT 'szf, - apart locations along one side’ of the .flow path in the e,iuliri_
w&fxa%nﬁéw in,:,' ~direction’of fluid- flow and ‘one of- the discrete:sourc-- - .

. _ es be*ng positioned on an opposite side -of .the flow: S .
e ,_.,._,,;,,,.-M»,, path . -->-..;,:.To i ey e g e b e e e cop s ,_ e “ S,
SO S ' . NN ‘. A system for treating a fluid carrying B
‘*ttf?':¥"fﬁ”ﬁ‘”?7ﬁ aﬁcontaminant”to which a photoactive material has been § e e
e T bound, -the: material .being activated by exposure to -btlfj‘ky_QL
radiation within a’ prescribed wavelength range to | 'if'uu'i
eradicate the contaminant, the system comprising A AC~F(;
) means for establishing a gap having an’ inlet
end and an’ outlet end : : : _
o - ; . means for establishing a’ flow of fluid from
,"j?‘fil‘°.ij ... _the inlet end.of the gap to the outlet end of the gap, |
BRI ~1o)4;»g;‘ _.-»“ ‘méans * for - channeling the fluid within the.ir' A
e gap “An’ succe551on through at least two different flow R f{f ti_f
: paths, - R UL :‘ R
r~ﬁﬂ~«M-~--4—v-—*«wv--«~~5~means~for establishing atrleast*two discrete*“*‘"**“"“'**ff
PR -  :sources of radiation in the first path at: spaced apart-* ' ’
‘;315*'-f*=7locations along the direction of fluid flow,y ; 4
L means for establishing at least two addi-,*”
‘ﬂtional discrete sources of radiation in’ ‘the second™ .
“path at spaced’ apart locations along the direction of o
- fluid flow, and . -~ -~ . : o
20 , i means for operating each discrete source of»'
' pradiation at a selected wavelength within the’ ‘pre-
scribed range to activate the photoactive material
‘bound to the contaminant. ' , ' o
. 8. - A system according to claim 7 : o . w0
wherein at 1 ast two of the discret sources - : ‘
of radiation are operated at a different wav length.
9.

A system according to claim 7
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_ . ~ wherein at least two of the discrete sources
of” radiation are’ operated at substantially the same
wavelength. L .

' 10. A system according to claim 7

. Wwherein at least one of the discrete source

of radiation comprises a photodiode. o

11. A system according to claim 7 »

wherein every discrete source of radiation
comprises a photodiode.

12. A system according to claim 7

wherein the at least two discrete sources of
light are positioned along opposite sides of the first
flow path. ‘ ) -

13. A system according to claim47 ’

wherein the at least two additional discrete
sources of light are positioned along opposite sides

of the second flow path.; .

‘ 14. a systen according to claim 7

wherein there are at least three discrete
sources of light positioned along at least one of the
first and second flow paths, two of the discrete
4sources being positioned at .spaced apart locations %‘

Aalong one side of the flow path in the direction of |

fluid flow and one of the discrete sources being posi-

tioned on an- opposite side of the flow path.

, 15. A method for treating a fluid carrying

a contaminant to which a photoactive material has been

bound the material being activated by exposure to

radiation within a prescribed wavelength range to
eradicate.the contaminant, the method comprising the
steps of . . - _

. conveying the fluid through a gap while

channeling the fluid within the gap through a

predetermined flow path, o

' exposing the fluid, as it transits the flow
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‘ x'path to at least two discrete sources of radiation
7that are at spaced apart locations along the direction
- of fluid flow,,at least one of the discrete sources‘

"“?;comprLSIng a photodiode,

) operating each discrete source of radiationl;

10.

‘sufat A selected wavelength within the prescribed ‘range

- " to activate the photoactive material bound to the con-:
it taminant as the fluid‘flows through the paths. ;“‘”*‘

"16. A method for treating a fluid carrying

“V,i”a contaminant to which a photoactive material has been S

Asl’*steps of -

,bound the material being activated by exposure to
_,radiation within a. prescribed wavelength range to-
~;erad1cate the contaminant the method compriSing the

Q,

conveying the fluid through a gap while'

’channeling the fluid within the gap in success:.on
’»rthrough at least two different flow: paths, “ !

S exposing the fluid as it transits the first

, 'flow path to at least two discrete sources of . radia-
‘;tion that" are at spaced apart locations along the di-“

~—;¥—- . —:— —v—~——-~'~-reCtion«of*~f1u1d ~ELOW; T e e e s

;lSKﬂ

20

exposing the fluid, as- it transits the sec-‘

"Ffvond flow path -to at least two additional discrete |
;“ysources of - radiation that ‘are’ at spaced apart loca-_,"
-.ff“tions along ‘the direction of fluid flow, and

operating each discrete source of- radiation

» ‘at a’ selected wavelength within the prescribed range~
- to activate the photoactive material bound ‘to the con-
. “taminant as the fluid flows in succession through the‘

two paths.

1
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